Introduction
Progressive loss of CD4 þ T cells and functional disturbances of T lymphocytes are hallmarks of human immunodeficiency virus (HIV) infection (Schattner & Laurence, 1994) . Tcell depletion is triggered by increased apoptosis of noninfected T-cells and impaired proliferation, which can already be observed early in HIV disease before the number of CD4 þ T cells decreases (Miedema et al, 1988; Schattner & Laurence, 1994) . If depletion of T cells cannot be compensated by increased proliferation with progressing HIV disease, T-cell counts decline rapidly.
Oxidative stress is usually observed in HIV infection (Eck et al, 1989; Pace & Leaf, 1995; Israel & Gougerot-Pocidalo, 1997; Allard et al, 1998a) . It seems to play a key role in disease progression (Baruchel & Wainberg, 1992) , probably by enhancing viral replication and apoptosis-mediated CD4 þ T-cell depletion (Sandstrom et al, 1993; Israel & Gougerot-Pocidalo, 1997) . Reactive oxygen species (ROS)-mediated apoptosis is independent of lymphocyte subsets and can already be observed in very early infection stages (Dobmeyer et al, 1997) . Oxidative stress in CD4 þ T cells is probably involved in the proliferative defect of these cells in HIV þ patients (Eck et al, 1989; Roederer et al, 1992; Cayota et al, 1996) . This assumption was confirmed first by Cayota et al (1996) , who were able to reverse the impaired proliferation of CD4 þ lymphocytes from HIV-infected subjects in vitro by antioxidant supplementation. These effects were also shown in a clinical study, in which antioxidant treatment increased proliferation and CD4 þ T-cell counts and reduced HIV viral load even though this could only be observed in patients with advanced immunodeficiency (Müller et al, 2000) . Polyphenols, a class of secondary plant metabolites, are widespread in food plants (Hertog et al, 1992) and exert strong antioxidant effects in vitro (Rice-Evans et al, 1996; Pietta, 2000) . Thus, by counteracting oxidative stress, they may improve immune functions in HIV-infected persons (Greenspan & Aruoma, 1994a, b) .
Fruit juices and fruit-vegetable-concentrate are rich in polyphenols. Hence, we investigated whether long-term ingestion of fruit juices or a fruit-vegetable-concentrate affects lymphocyte proliferation and apoptosis in HIVseropositive (HIV þ ) subjects compared to HIV-seronegative (HIV À ) controls.
Subjects and methods

Study design
A total of 23 HIV þ patients and 18 HIV À controls were randomly assigned to consume either 1 l of fruit juice (group J) or 30 ml of a fruit-vegetable-concentrate (group C) daily for 16 weeks in addition to their regular diet. Lymphocyte functions were determined at baseline, after 1, 3 and 16 weeks of intervention, and after a period of 6-week washout.
HIV serostatus was checked by a sandwich-ELISA at baseline (AXSYM-System, Abbott, Mainz, Germany Smoking and the intake of supplements (vitamins, minerals or proteins) were not exclusion criteria since they are common habits in HIV-infected subjects. However, they were recorded and had to be sustained throughout the study.
Data on plasma antioxidant capacity, a parameter further investigated in this study, are published elsewhere (Arendt et al, 2001) .
The subjects in group J could choose among five sorts of commercially available juices (black currant, apple, red grape, pear and green tea-apple drink; all from Eckes Granini GmbH & Co. KG, Nieder-Olm, Germany). For better compliance, they were allowed to combine these juices individually, resulting in an average intake of 24% black currant juice, 22% apple juice, 21% red grape juice, 18% pear juice and 14% green tea-apple drink. The intake and the amount of different juices were recorded during the study to get information on the variation of total fruit juice intake. The fruit-vegetable-concentrate (Cellagon Aurum s , HG Berner GmbH, Altenholz, Germany) is a viscous concentrate made of pressed juices from a large variety of fruits (orange, passion fruit, lemon, bilberries, schizandra fruit, currant, hawthorn, acerola cherry, elderberry), vegetables (carrots, red beet, kale, tomato, pumpkin, artichoke, broccoli, celery, Jerusalem artichoke, onion) and herbs (lime blossom, maté, cress, lemon balm, hop, stinging nettle, parsley), enriched with plant oils (borrage seed, hawthorn, pumpkin kernel), vitamins (vitamin C, E, niacin, pantothenate, vitamin B 6 , B 2 , B 12 , folic acid, provitamin A) and further minor compounds.
Quercetin is the major flavonoid in foodstuff (Hertog et al, 1992) , which contributes to 86% of flavonol (Linseisen et al, 1997) and 70% of flavonoid (Hertog et al, 1993) intake. It is the most investigated flavonoid in vitro and most data on the pharmacokinetics and the bioavailability of flavonoids in humans are available especially for quercetin (Graefe et al, 1999) . Since quercetin occurs in all fruit juices and in the fruit-vegetable-concentrate used for intervention (Table 2) , its concentration was considered as a surrogate marker for the total polyphenol intake from diet and supplementation. The dietary intake of antioxidants and other nutrients was assessed by prospective 7-day intake records completed by the subjects before and during treatment as described earlier by our group (Arendt et al, 2001) . The intake of antioxidant vitamins was calculated by the software Nutri guide s plus, Version 1.20 (Nutri-Science GmbH, Umschau Verlag, Frankfurt/Main, Germany), based on Bundeslebensmittelschlüssel (BLS) II.2, 1994, a nutritional database from the Bundesinstitut für gesundheitlichen Verbraucherschutz und Veterinärmedizin (BgVV). The quercetin intake was determined according to Linseisen et al (1997) . Additional intake of quercetin and antioxidant vitamins from the study drinks is shown in Table 3 .
The study was performed according to the guidelines of the Declaration of Helsinki and its revisions and was approved by the Ethics Committee of the University of Bonn. Written informed consent was obtained from all participants.
Collection and preparation of blood samples Blood was collected by venipuncture in lithium-heparin tubes between 8.00 and 11.00 h. For serum sampling, tubes without anticoagulant were used.
Peripheral blood mononuclear cells (PBMC) were isolated from fresh blood by centrifugation on a Histopaque s density gradient (Sigma, Deisenhofen, Germany). The cells were washed twice in Dulbecco's phosphate-buffered saline before resuspension in RPMI 1640 medium with 20 mM HEPES and L-glutamine supplemented with 100 mM sodium pyruvate, 100 mg/ml penicillin/streptomycin, 100 mg/ml gentamicin (all cell culture reagents from Seromed s , Biochrom, Berlin, Germany) and 10% heat-inactivated autologous serum.
Determination of proliferation
The proliferative capacity of CD4 þ cells was assessed by stimulation with tetanus toxoid (TT) and phytohemagglutinin-P (PHA) in vitro, which allowed a detailed investigation on proliferative response. TT acts as recall antigen on memory T cells primed for TT, and PHA is a polyclonal mitogen for both naive and memory T cells. Hence, they activate different T-cell subsets by different mechanisms. This is important as TT-induced proliferation is impaired early after HIV infection (Clerici et al, 1989) , probably due to preferential infection of memory T cells (Schnittman et al, 1990) , whereas impaired response to PHA reflects a more severe dysfunction of all T cells with advanced immunodeficiency (Clerici et al, 1989; Gurley et al, 1989) . Cells were plated at concentrations of 8 Â 10 5 cells/ml into round-bottomed 96-well microtiter plates (Nunc, Wiesbaden, Germany) and were either stimulated with 5 mg/ml PHA (Sigma) or 10 mg/ml TT (Behring, Marburg, Germany). RPMI medium was used as a control to assess spontaneous proliferation. The microtiter plates were incubated for 3 days at 371C in a humidified atmosphere of 5% CO 2 . After 3 days of culture, cells were pulsed for 4 h with 1 mCi tritiumthymidine ([ 3 H]dThd) (Amersham, Braunschweig, Germany). Thereafter, cells were collected onto filter paper using a cell harvester (Dunn, Asbach, Germany). The incorporated radioactivity was counted in a Matrix 96 
Determination of apoptosis
The percentage of apoptotic cells was assessed by DNA content after propidium iodide (PI) (Sigma) staining according to Nicoletti et al (1991) . To evaluate the effect of intervention on T-cell homeostasis ex vivo, investigation was carried out with PBMC, cultured for 3 days with PHA in 24-well culture dishes (Greiner, Frickenhausen, Germany) as counterpart to proliferation. Afterwards, cells were transferred into 12 Â 75 mm polystyrene round-bottom tubes (Falcon s , Becton Dickinson, Heidelberg, Germany). Cells were pelleted and resuspended in 200 ml of hypotonic fluorochrome solution (50 mg/ ml PI in 0.1% sodium citrate (Merck, Darmstadt, Germany), 0.1% Triton X-100 (Sigma)). After 2 days of incubation at 41C in the dark, the PI fluorescence of nuclei from 10 000 cells was measured with a FACScan s flow cytometer (Becton Dickinson). Nuclei from apoptotic cells could be distinguished from debris and viable lymphocytes by a hypodiploid DNA peak in the DNA fluorescence histogram. The apoptotic index (AI) was determined as percentage of apoptotic cells.
Statistics
Statistical tests were performed with StatView for the Macintosh V.4.1. and SPSS 8.0 for Windows. Differences between the groups were analyzed by the Kruskal-Wallis test; in case of significant differences the Mann-Whitney U-test was performed subsequently. Differences within the groups during intervention were investigated with the Friedman test. In case of significant differences within one group, the Wilcoxon signed-rank test was used to compare data of two sampling dates.
In order to analyze whether HIV status, smoking status or supplement use had an independent influence on proliferation or apoptosis, we performed logistic regression analyses. The dependent variable was designed by calculating the differences of the respective measurements between baseline and 16 weeks of treatment and categorizing them into the upper tertile of response and the lower two tertiles of response. w 2 -statistics using Fisher's exact P-value was calculated to analyze relations between individual independent parameters and the dependent variable. P-values o0.05 were considered statistically significant. Data are shown as mean7s.d. unless indicated otherwise.
Results
Of the 23 HIV þ and 18 HIV À volunteers initially included in the study, four subjects were lost (one HIV patient allocated Based on the mean daily intake of 242 ml black currant juice, 223 ml apple juice, 213 ml red grape juice, 183 ml pear juice and 138 ml green tea-apple drink. b According to prospective 7-day intake records completed by the subjects before polyphenol supplementation. Intake exclusively from foodstuff. Vitamin and mineral preparations are not included.
to group J, two HIV þ and one healthy subjects allocated to group C). The macronutrient food composition in HIV þ and HIV À volunteers met the average Western diet. The dietary and total intake of vitamin C, vitamin E and b-carotene was significantly higher in group C than in group J during intervention (Pr0.00001) due to the different composition of the study drinks as reported by Arendt et al (2001) . Despite individual choices in the kind of fruit juices ingested, there was no difference in the average polyphenol intake from juices between the HIV þ and HIV À subjects. The dietary intake of antioxidants from foodstuff at baseline was not statistically different between the treatment groups. In spite of vitamin supplementation in HIV þ subjects, the total intake (food and vitamin preparations) of quercetin, vitamin C, vitamin E and b-carotene was not different between HIV þ and HIV À subjects, neither before nor during supplementation.
Lymphocyte proliferation
As shown in Figure 1 , PHA-induced lymphocyte proliferation increased significantly in HIV þ and in HIV À subjects during intervention with fruit juices. The continuous rise of MI in HIV þ subjects reached significance after 16 weeks of intervention (MI: 40734 vs 18716, P ¼ 0.004). In healthy subjects, MI was significantly higher after 3 weeks (60736, P ¼ 0.001) and 16 weeks (51721, P ¼ 0.016) in comparison to baseline (27716) and was still above baseline after the 6-week washout (56724, P ¼ 0.013). PHA-induced lymphocyte proliferation tended to rise in HIV þ subjects in group C, whereas a considerable variability was observed in healthy volunteers during the study. However, these variations in MI were neither significant in HIV þ nor in HIV À subjects. As expected, PHA-induced lymphocyte proliferation was significantly lower in HIV þ than in HIV À subjects at baseline (MI: 20716 vs 36723, P ¼ 0.019). Changes in TT-induced lymphocyte proliferation are presented in Figure 2 . Although a tendency to rise could be observed in both groups drinking fruit juice, significant differences occurred neither in HIV þ nor in HIV À subjects.
MI did not change significantly in HIV þ patients and in healthy subjects in group C, even though MI tended to rise in healthy subjects. At baseline, TT-induced lymphocyte proliferation was significantly higher in HIV À subjects compared to HIV þ patients (MI: 3.871.7 vs 2.071.6,
Lymphocyte apoptosis
The changes in PHA-induced apoptosis are shown in Figure 3 . In group J, the slight increase in AI observed in HIV þ individuals was not significant, whereas the continuous rise in healthy controls reached significance after 16 weeks as compared to baseline (34711 vs 9710, P ¼ 0.001). In group C, mean AI increased slightly in HIV þ patients and strongly in HIV À subjects, but changes in both groups were not significant (HIV þ : P ¼ 0.3; HIV À : P ¼ 0.1). As expected, AI was always significantly higher in HIV þ subjects as compared to HIV À controls (Po0.001), independent of the kind of supplementation.
Logistic regression analyses
In apoptosis, HIV þ subjects had significantly (Po0.02) less frequently a response belonging to the upper tertile, while the response was independent of smoking and supplement use. In logistic regression analysis using the same independent parameters, HIV status was the only significant parameter determining apoptosis response. Proliferation (PHA) was independent of the three parameters in both w 2 statistics and logistic regression analysis. However, when baseline apoptosis values were included in the logistic regression model, the change in apoptosis did not remain significant because the two parameters were negatively related in simple regression analysis. 
Discussion
Oxidative stress seems to play a key role in the pathogenesis of HIV disease and in the development of AIDS (Baruchel & Wainberg, 1992) . The intake of antioxidants has shown to reduce oxidative stress (Allard et al, 1998b) and to improve immunological functions in HIV þ patients (Müller et al, 2000) . As plant polyphenols are strong antioxidants as vitamins, they might decrease apoptosis and viral activation in HIV þ subjects by reduction of oxidative stress (Greenspan & Aruoma, 1994a, b) . Hence, in terms of a pilot study, we investigated if long-term supplementation with fruit juices or a fruit-vegetable-concentrate that are rich in polyphenols and antioxidant vitamins affected lymphocyte proliferation and apoptosis in HIV þ subjects in comparison to HIV À controls ex vivo.
In this pilot study we found that PHA-induced lymphocyte proliferation increased significantly in HIV þ and HIV À subjects during intervention with fruit juices, but not with fruit-vegetable-concentrate, maybe due to the different compositions of the supplements. Antioxidants such as vitamin E (Lee & Wan, 2002) and vitamin C in combination with N-acetylcysteine (Müller et al, 2000) have been shown to reduce oxidative stress in human T cells. As oxidative stress in CD4 þ T cells is thought to be responsible for impaired proliferation in HIV þ patients (Roederer et al, 1992; Aukrust et al, 1995; Cayota et al, 1996; Müller et al, 2000) , the increase in PHA-induced proliferation observed in group J might be explained by decreased oxidative stress in CD4 þ T cells. Owing to parallel changes of antioxidant defense in plasma and cells (Treitinger et al, 2000) , a reduction of intracellular oxidative stress might have been detected indirectly by increased plasma antioxidant capacity in HIV þ subjects in group J (Arendt et al, 2001) . In HIV þ patients who received the concentrate, PHA-induced proliferation did not change despite an increase in plasma Polyphenols in lymphocyte proliferation and apoptosis P Winkler et al antioxidant capacity (Arendt et al, 2001 ). However, antioxidant capacity, measured by the TEAC assay, is an indirect marker for antioxidant and phenolic bioavailability giving an insight into the pro-/antioxidant balance (Ghiselli et al, 2000) , but it is not a direct marker for oxidative stress (Prior & Cao, 1999) . Hence, we do not know if increased antioxidant capacity in plasma actually reduced oxidative stress in plasma or even in cells in our study. Lymphocyte response to PHA increased in healthy subjects in group J without affecting plasma antioxidant capacity, but did not rise in HIV þ patients from group C despite an increase in plasma antioxidant capacity. Thus, further mechanisms of polyphenols by modulation of elements of the signal cascade as protein tyrosine kinases, protein kinase C and phospholipase C (Middleton, 1998) have to be taken into account to explain our observations. In vitro, low doses of some polyphenols did not affect proliferation of human lymphocytes or exerted weak stimulatory effects, whereas inhibition occurred by incubation with high doses (Brattig et al, 1984; Berg et al, 1988 ; our own unpublished observations). Thus, the effects seem to be concentration-dependent (Brattig et al, 1984; Berg et al, 1988 ; our own unpublished observations). Since the polyphenol concentration in plasma rarely exceeds 1 mM after nutritional intake of 10-100 mg polyphenols (Scalbert & Williamson, 2000) , plasma level after fruit juice supplementation (intake of 13.1 mg quercetin) was not high enough to cause inhibitory effects ex vivo.
Considering the lower polyphenol intake with concentrate (intake of 3.7 mg quercetin), plasma levels after concentrate ingestion might have been too low to induce proliferation. On the other hand, as a tendency toward increased proliferation could be observed after ingestion of the concentrate, failure to reach statistical significance could be attributed to the small sample size, considering the high individual variability in lymphocyte response. In contrast to PHA, the proliferation induced by TT did not significantly increase in any group. Since the maximum response to TT occurred already after 4 days in culture in HIV þ patients due to increasing apoptosis (Patki et al, 1999) , an incubation period of 3 days as performed in our study might have underestimated the proliferative response. Even though oxidative stress is discussed to be responsible for enhanced apoptosis of HIV-infected T lymphocytes in vitro (Sandstrom et al, 1993; Dobmeyer et al, 1997; Israel & Gougerot-Pocidalo, 1997) , apoptosis of T cells from HIV þ patients could be reduced after antioxidant supplementation in vitro in some studies (Dobmeyer et al, 1997; Malorni et al, 1998; Li-Weber et al, 2002) , but not in all studies (Cayota et al, 1996) . We could not find any changes in lymphocyte apoptosis in HIV þ patients by supplementation with beverages rich in polyphenols and antioxidant vitamins despite an increase in plasma antioxidant capacity. Regarding intervention studies, a reduction in T-cell apoptosis ex vivo after antioxidant supplementation was not observed in HIV þ patients from Müller et al (2000) despite a reduction of intracellular oxidative stress. In this point our results agree with those from Müller et al. That even supplementation of antioxidant vitamins (as vitamin C) in combination with N-acetylcysteine known to be bioavailable failed to reduce apoptosis ex vivo (Müller et al, 2000) shows that the effectiveness of antioxidant supplementation to decrease T-cell apoptosis from HIV þ patients is limited.
Thus, the fact that antioxidant supplementation did not definitely reduce apoptosis of T cells from HIV þ patients neither in vitro nor ex vivo indicates that T-cell apoptosis in HIV þ patients remains a complex phenomenon due to its multifactorial pathogenesis. As long as the underlying mechanisms are unknown, it is not possible to find the keys for specific intervention to resolve this problem. Polyphenol supplementation with fruit juices did not reduce HIV viral load, as postulated by Greenspan & Aruoma (1994a, b) , even though antioxidant capacity in plasma increased (Arendt et al, 2001) . This is in accordance with the results from Allard et al (1998b) and Batterham et al (2001) who did not observe a significant decline in HIV viral load by antioxidant vitamins and further antioxidants despite a reduction of oxidative stress in plasma (Allard et al, 1998b; Batterham et al, 2001 ). In the study by Müller et al (2000) , viral load was only reduced in a subgroup of patients with advanced immunodeficiency, but not in the whole cohort of HIV þ patients. Moreover, an increase in intracellular glutathione in T cells, which indicates a reduction of intracellular oxidative stress, was only observed in the subgroup mentioned above (Müller et al, 2000) . Changes in the counts of CD4 þ and CD8 þ cells in HIV þ patients could neither be observed in this study, nor in the study from Müller et al (2000) after antioxidant therapy. Since lymphocyte proliferation to PHA ex vivo increased without alterations in apoptosis in HIV þ subjects in group J, a rise in the count of CD4 þ T cells might have been expected. However, since counts of CD4 þ T cells in peripheral blood do not necessarily reflect changes in the total body T-cell pool (McCune, 2001) , an increase in total Tcell body pool cannot be excluded even though changes in CD4 þ counts in peripheral blood did not occur.
In conclusion, this pilot study has shown that supplementation of polyphenol-rich fruit juices affects lymphocyte proliferation and apoptosis. Long-term consumption of polyphenol-rich fruit juices increased proliferative response to PHA in HIV þ subjects ex vivo. Provided that this reflects an increased proliferative capacity in vivo, disturbances in T-cell homeostasis might be reduced and the progression of HIV disease might be delayed. In HIV À subjects, increased proliferation was counterbalanced by increased apoptosis ex vivo, thus maintaining T-cell homeostasis. As consumption of polyphenol-rich fruit juice might be favorable to HIV þ subjects, its effects on antioxidant and immunological parameters are worth being investigated in further studies supplementing only one kind of juice to a larger and more homogeneous group of subjects. Moreover, a variety of polyphenols should be considered for the calculation of polyphenol intake. Since immunological deficiency in HIV þ patients concerns CD4 þ T cells, it will be useful to investigate proliferative and apoptotic behavior of specific T subsets by flow cytometric methods that allow to combine proliferative, apoptotic or cell cycle markers with monoclonal antibodies against cell-specific surface antigens. Measurement of apoptosis should be performed with fresh and cultivated T cells. In addition to the concentration of total phenolics and individual antioxidants in plasma, the redox state and functional immunological characteristics of T cells (eg antigenic recognition, cytokine release) should be taken into account to obtain information on antioxidant and immunomodulatory mechanisms of polyphenols, which might be responsible for the observed effects.
